While directed energy deposition (DED) can provide tremendous flexibility in both geometry and materials, there are still many challenges that need to be overcome before this technology can be freely used in industry 1 . Previous work has established a link between the shape of pores and cooling rate 2 , however, a more fundamental understanding of this process still needs to be fully established. Highspeed synchrotron imaging can provide adequate spatial and temporal resolutions to capture critical phenomena such as melt pool dynamics, powder entrainment, and defect formation 3-5 . In this study, the high-speed synchrotron X-ray imaging technique at the Advanced Photon Source (APS) is used to observe dynamic phenomena involved in the DED process. Different from previous publications, this work was carried out using an innovative home-built high-throughput DED apparatus, where a large range of process parameters could be effectively studied without the need of constantly opening the chamber to load new samples and spending time re-aligning them. This largely increased the experiment efficiency. The DED setup consists of an aluminum enclosure, a DMG single powder nozzle, a motorized sample drum, a 500 W continuous wave ytterbium fiber laser, and a fast motorized stage for deposition. The enclosure was filled with Argon during experiments to prevent excessive oxidation. The substrates to be deposited on were 50 mm by 10 mm thin rectangle plates cut from 406 µm thick sheets of Grade 5 Titanium alloy (Ti-6Al-4V). The powder used in deposition was 45-150 µm Ti-6Al-4V, and Argon carrier/shield gas was used in the nozzle. Ti-6Al-4V was chosen because it is one of most commonly used materials in metal AM and has many important applications in the fields of aerospace and aviation. The parameters in this study can be combined to define the 'effective global energy density', GED' = P/(PF·V·A), where P is the laser power, PF is the powder flow rate, V is the scan speed, and A is the beam area. GED' represents the ratio of energy to mass that is added to the sample and is an effective way to describe DED from an input parameter perspective. Since the power density of the laser used in the experiment is higher than that in a commercial DED process, the scan speeds chosen were also faster. In the experiment, the beamline components and the DED system were controlled collectively using a series of delay generators. A typical procedure is: X-ray shutters open, powder nozzle turns on, deposition stage accelerates to steady state, imaging camera turns on, fiber laser turns on and melts the powder in the X-ray window, X-ray shutters close. One example of parameters used in the experiments are: 300 W laser power, 500 mg/s powder flow rate, and 100 mm/s scan speed. Images were taken at 80,000 fps in a 2 mm  2 mm window.

